Hypothesized circuitry enabling information storage can be tested by attempting to implant memory directly in the brain in the absence of normal experience. Previously, we found that tone paired with activation of the cholinergic nucleus basalis (NB) does induce behavioral memory that shares cardinal features with natural memory; it is associative, highly specific, rapidly formed, consolidates and shows intermediate retention. Here we determine if implanted memory also exhibits long-term consolidation and retention. Adult male rats were first tested for behavioral responses (disruption of ongoing respiration) to tones (1-15 kHz), yielding pre-training behavioral frequency generalization gradients. They next received 3 days of training with a conditioned stimulus (CS) tone (8.0 kHz, 70 dB, 2 s) either paired (n = 7) or unpaired (n = 6) with moderate electrical stimulation of the nucleus basalis ($65 lA, 100 Hz, 0.2 s, coterminating with CS offset). Testing for long-term retention was performed by obtaining post-training behavioral frequency generalization gradients 24 h and 2 weeks after training. At 24 h post-training, the Paired group exhibited specific associative behavioral memory, manifested by larger responses to the CS frequency band than the Unpaired group. This memory was retained 2 weeks post-training. Moreover, 2 weeks later, the specificity and magnitude of memory had become greater, indicating that the implanted memory had undergone consolidation. Overall, the results demonstrate the validity of NBimplanted memory for understanding natural memory and that activation of the cholinergic nucleus basalis is sufficient to form natural associative memory.
Introduction
Several standard approaches are used to investigate neural circuitry that is hypothesized to enable memory storage. These include recording changes in the activity of a putative involved structure consequent to learning, pre or post-training inactivation (permanent or reversible), direct stimulation (electrical or chemical) to facilitate or impair memory and targeting the neural structure by molecular genetics methods. However, if the hypothesized mechanism is sufficient to normally form behavioral memory, then it should be possible to implant memory directly into the brain by appropriate activation of that circuitry.
We have used this approach in a series of experiments to test the hypothesis that experience-based activation of the nucleus basalis (NB) (which is the major source of cortical acetylcholine (ACh); Mesulam, Mufson, Levey, & Wainer, 1983) , is engaged in the formation of at least some types of behavioral memory. The model under test postulates that activation of the cholinergic nucleus basalis serves as a ''final common path'' that is sufficient to promote or induce long-term memory based on the formation of information storage in the cerebral cortex, and perhaps elsewhere. In this schema, the nucleus basalis is ''downstream'' of motivational and emotional systems (Weinberger, 1998; Weinberger et al., 1990, chap. 3) . It is derived, in part, from long-standing evidence that the cholinergic system is involved in the formation of memory (Deutsch, 1971; Flood, Landry, & Jarvik, 1981) and memory-related cortical plasticity (Edeline, 2003) .
We explicitly distinguish behavioral memory from associative neural plasticity, which was previously known to be induced by tone paired with electrical stimulation of the nucleus basalis (NBstm) (Bakin & Weinberger, 1996; Bjordahl, Dimyan, & Weinberger, 1998; Dimyan & Weinberger, 1999; Kilgard et al., 2001) . Unfortunately, such neural plasticity is often erroneously assumed to constitute ''memory'' rather than a memory substrate. Insofar as memory is validated at the behavioral level, assuming that a neural process is memory constitutes a ''category error'', i.e., equating a part with the whole (Ryle, 1963) .
We emphasize that putative implanted memory must pass the test of having the same attributes as natural memory. Indeed, it should be difficult to determine whether memory-dependent changes in behavior reflect natural or implanted memory based on standard behavioral measures. Another important criterion is that memory-enabling stimulation of the brain not be mnemonically effective simply because it replaces either rewarding or punishing effects of standard reinforcers. Such motivational substitution
